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2-1 *<r^**«fc^«l*yiU©*l«i:*©«ai»« 

x h v y^vjv (TMOS : Petrarch Systems), jr*** 
y !l* h^?y (C8:Petrarch Systems), 4-fc Kp^^7/ 
(HAB : XAftJGK, ttft) *0$*<5£fflL 
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*a»W»IBUt:. BflCd»aasBKlEiTd5o"CA»e>. lOmmxlo 
mm ftrft M^llw-HUV (Hellma) |cA*t"tx7 
p w-^r-y <-*T* t J?S 0.1mm) "CjfUfco #J&fll 
*$*£L, B& 340 JR*r*ra*-<* hn^->jr--C 300-600 
nm K&VfZ>*-<? h * Lfco 
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(4-MethoxybenzyUdene)-4-butyianiHne(MBBA ; Aldrich Chem., 
JtS 1.027) tflHyfco a***«>fc««l«lU-C*J< 
-^OjRftlciiftV* MBBA ^y^+mgSU 2 — 3B&8 
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Table 1 Preparation conditions of samples 



Amount of 
C8(mol5iO 


TMOS 
(*) 


C8 
(*) 


Ethanol 
(m/) 


0 


2.60 


0 


1.6 


1 


2.57 


0.042 


1.6 


2 


2.55 


0.094 


1.6 


3 


2. 52 


0. 141 


1.6 


4 


2.50 


0. 188 


1.6 


5 


2. 47 


0.235 


1.6 


6 


2.44 


0.282 


1.6 


7 


2.42 


0.329 


1.6 



HCl* 
mi) 



a) 13.2 wt% HC1 solution. 



Hfb, 1990, No. 10 9 



1167 



10 
7 

M 

K>0 



O 
to 

a 

:© 
/V- 
m., 
/ 

& 
ier 




300 400 500 

Wavelength/ nm 

Fig, 1 Absorption spectra of HAB solubilized in 
C 8-containing silica gels 

Numbers in the figure mean the ratio of 
C8 to (C8+TMOS) in mo1% 

3 &mi$*vmm 

*^ h*m&mwt*ommt 12 mnaftK&w*'<t 
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&©#£T-o hab ttjfcoxs&Tllric**"-^ 

1 . 



t O^OT«g»«W*j(«[+-C 0. 12 t«ftS*t 1 * 5, o 

[A] i: [B] ©8UR**<* F^^R&SOtt 0.1—2.0 **jft 
KottStAttflK+O HAB o&Jfc*^ M'JBffi^fe*!!.*'*!© 
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Wavelength, X /nm 

Fig, 2 The respective spectra of the chemical species 
[A] and [B] obtained from the absorption 
spectra of HAB in the various pH aqueous 
solutions 
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Fig: 3 Plots of [B]/[A] vs. day for various C8~ 
containing silica gels 
Numbers in the figure mean the ratio of C 8 
to (C8+TMOS) in mol% 
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Fig. 4 Plots of CA]/[B] vs. the content of C8 
in silica gel afterdays aging 

A steep change appears at 4.1mo\% C8 content 
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Photo 1 Photos of MBBA-silica compostie gels 



The silica gel without C8 showed a little srtnkage 
and MBBA did not exchange completely with the 
solvent in the gel 

xnisijuittfls^-ei * -fe^»«3&5?rfi"e**o * -t 

a*fc-o*fco cmc it^JgSEHSl^oaiS. 

t^tOdi$3t*5o B4*L*?ltS CA]/[B] d5ftj»ic*t 
< ft* C8 »g 4. 1 mol# **k> */A>»llLlUm0 cmc ^*4&* 
t 0.13mol/dm' * * o#fflg&£«©2Kgfc 

+Ic*jW-5 J i»B«© cmc irft* 9 » 0 

Ji**^&K:o^-c©3<.&tJ Lfco tKJS^^H-* -s -fc/HtJF- 
M&mt±***&3zi#&mfeZftX\,*Zo 

-lOO-lWrCoWrtBBoDSCasEA^it, ^ 

fc**«ofl«*K*fci iioSOfc-ew:. «a^A^«i"*- 

S^-tHi^V^ojRSitjBc e>ftv^t-f-c**o ^+oSB^ 
W»U MBBA -CSjtt<Da*^fT5c<fc^J: 0, «Jl 

ito CHfeO^oSHt^tHtHT 92# U^ofco 
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280 ' 300 ' 32lF 
T/K 

Fig. 5 DSC curves of (a) MBBA. (b) silica 
gel + MBBA, (c) 5mo\% C 8-containing 
silica gel+MBBA 

Arrows in the figure show the transision [points 
from a transluscent to a transparent state obser- 
ved on a photomicroscope with an attachment of 
a hot plate 

MBBA **i»L&tr£M*TirtBf**o 
A-g©§fl#*££X£j£Lfcy^^<D MBBA Otett-OttlSlft* 

jftl, *^f-^a6***«tl*^t?tt#«[*» 10-20% JfcfgU £ 
JuS**: MBBA »i^^t^4»^tta*^S^U V* 
it^&^paw i ttft: €>fc*» ote> * * *-*264r£tr V* <D&B 

ofco 5h^^aS**4ZtVi*^o*&t?* MBBA ttS^Wlw 
*^atr*s 2~*3aHTT**<«feLfco Cli»t MBBA 4 * !> 

MBBA jtf^L*i4 0 4#jL&ii.*o Lfctf ot, 

Jlc-fijljrtfia^otBjbHSo ft:*?, C8 ^5mol%fcA 
± co y ;u fit— a* Ji S o 1 1 Xfttt R<> e> *t it jfl > ^ 0 
ffS Lfc mbba 4 * » # ^ 4 oiS^ttos^. 

90% MBBA *;£ti>-Cl*&0-C, MBBA OttR^tt 

Sicgrfo fc**. jWeit*e>*»U«>K«* 253 K *-0ftfcL. 
30 ^oaflElc«#Lfc«J»«Lft:*»e>fTo/co MBBA Jjigio 

»<& (a), jBfl*»b*a^o«E»aa-c-o©k # -^ (©so 

t tfKfcfc H#ttlRd*Mft * H"C ^ * IT) fc«> * * o i 
*©fi»ft*t C8 aicftff Ufco 

17) J.Mayer, T. Aluga, J. A.Janik, Phys. Lett., 41 A, 
102(1972). 



Table 2 Phase transition temperatures of MBBA 
and its composite gels 

T(K) 



Amount of * > • 

C8(mol%) C-N N— I 

0 295°> 299*> 

2 295 a > 301»> 

5 292°> 303>> 

10 292 B > 301» 

MBBA 295°> 319°> 

a) From DSC measurements. 



b ) From microscopic measurements. 

(319 K) }fti^!l*y^ + "Cai*L, 19 i WC «l*4t^lC^p- 
Kftf-^^Sfelifco 

ic%ii»M»t!l»biifcWE**Bi"es«-o cs m» o, 2, 5, 

10mol% ©y^rco^XJtR-f *4, 5mol% «0^lc*f^XS 

!> Lfco *!>*©ifc**2.20, *^**£ 

©*&»»i£'Oi*n><9 7'f yottM 0.90 T&rSffiL-cH-at+i 
4, C8^ 5mol% 0y*tftfc#8(OI*HE 8% V 
fc, 25% *****'1£&&2>X^ZCkK.nL 

5Jcft:5fc«) 5 **#M£##M!&Z*itM-f t?*So ■* 
5 4 y/v+o^SSo^iRj^^ ^ ^JS^iRj^ftri^ 4 4ft; * 

u-cv ^ La^y l ifeJl^e>4t, ^ 9 

^TUV^o CixP><0*S**tT^^/vS9^^8 fc/hS< 
cmc a: 0.13mol/dm» 4±^l^ 4*»e>H88"e*i i^ft:i?t> 

*«©*Hlctff« U Kfa^«^L-CV^^40 
BSogtt^tfi»t^Utv^4#xt>ix^o C8 oSd-&*» 
5 b^B< ft:^4, « ^^tt***®*^^^ 9 **mK&< 
V* 9 ^>v»^# U «£^^«*^c LXl^»^ *t* ^ 4 
U&L, ftH,AI»T4R»ft:»*lcJt Offl^^Sffi^T^ofc 
*0 4JBi9jtSo -SF. C8)&tOmo«0»^"Clt, MBBA ^ 
4 ^ P * 4 ofig&ftlrf ^5 1 5 Kift: D , *ft#0W*BJI!lcfc 6 4 

4 t» » 

^D»ft»*Mt5^ 4 4r9i€>*»4 t. coJ: i/t^+lcBE 
*ttth&»o» «R*»«3e^» 0 a t it % £ 4 * Si **£ 

La**ifc*Aott«* s «#*JhXi^ c 4>cft:^o 4 < fc« 
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Silica gels containing hydrophobic hydrocarbon chains were prepared from tetramethoxysilane 
(TMOS) and octyltrimethoxysilane (C8) by means of sol-gel process. As the hydrophobic 
hydrocarbon chains were expected to form micelle-like aggregates in the inorganic silica 
matrix, similary to the ordinal micelles in an aquenous surfactants solution, a dye (4- 
hydroxyazobenzene ; HAB) was used to monitor the structure change in the silica gel by an 
addition of hydrophobic octyl groups. As a result formation of micelle-like aggregates was 
strongly suggested. Moreover, solubilization of organic compound into the C 8-containing 
silica gel was carried out to make new organic-inorganic composite material A liquid 
crystal (JV-(4-methoxybenzylidene)-4-butylaniline : MBBA) was used for this purpose and the 
thermal properties of the composite materials were studied. 
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silica gel was carried out to make new organi c^inorg anic c omposite m ater ial. A li quid 

crystal (JST-(4-methoxybenzyiidene)-4-hutylaniline : MBBA) was used for this purpose and the 
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(Received May 8, 1990) 
1 . Introduction 

In recent years, many research reports on the synthesis of 
inorganic materials using the sol -gel method have been 
published 1} . In many of these, a gel of a desired composition is 
prepared by the sol -gel method. Afterwards, by high- temperature 
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heat treatment of the gel, an inorganic material having the 
desired composition is synthesized. The gel prepared by the 
sol -gel method is porous. As such, the mechanical strength is 
low. Furthermore, with the evaporation of the solvent from the 
gel, the volume shrinks. By the high- temperature heat treatment, 
a dense, strong material is obtained. 

The sol -gel method has a major characteristic in that an 
inorganic material can be synthesized at a relatively low 
temperature such as room temperature. As one direction to revive 
this characteristics 1 the synthesis of an organic- inorganic 
composite material has been considered 2 * ~ 4) . Unless the 
high- temperature heat treatment operation is carried out, the 
synthesis of a new composite material containing an organic 
compound in an inorganic material is possible. In the present 
research, the synthesis of silica gel containing a C 8 octyl group 
as a long hydrocarbon chain was carried out. The aggregate state 
of formation of a hydrocarbon chain in silica gel was 
investigated. Furthermore, by the solubilization of liquid 
crystals in the synthesized silica gel, the preparation of a 
material with temperature response characteristics and gel 
shrinkage inhibition were investigated. 

2 . Experimental 

2.1 Synthesis of silica gel containing an octyl group and its 
structural analysis 1 

Tetramethoxysilane (TMOS: Petrarch Systems) , 
octyltrimethoxysilane (C8 : Petrarch Systems) , and 
4-hydroxyazobenzene (HAB: Tokyo Kasei, special grade) were 
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purchased and used as such. HAB was dissolved in dried ethanol to 
make Solution A of 0.05 mmol/dm 3 . TMOS 2.44-2.60 g and C8 0-0.4 g 
were accurately weighed and mixed well in 10-mL sample bottles. 
The ratios of TMOS and C8 are shown in Table 1. Furthermore, 1.6 
mL of Solution A and 1.43 mL of 13 wt% hydrochloric acid were 
added. Mixing was carried out with a vibrator. Heat evolved at 
this time. After standing a few minutes, the temperature 
decreased to room temperature or so. Solutions were placed in a 
10 mm x 10 mm square polymethacrylate UV cell (Hellma) and sealed 
with Teflon seal tape (Nichias, thickness 0.1 mm). Pure water was 
used as a reference. Spectra were measured with a Hitachi 340 
ultraviolet visible spectrometer at 300-600 nm. 

2.2. Preparation of silica gel containing liquid crystals 

In 10-mL sample bottles, 2.44-2.60 g of TMOS, 0-0.4 g of C8, 
1.6 mL of ethanol, and 1 . 2 mL of pure water were mixed, enclosed 
and allowed to stand at room temperature. Without the addition of 
the catalyst (hydrochloric acid) , it took 2-3 days for gelatin 
[formation] . An appropriate amount of anhydrous ethanol was added 
dropwise from above the gel. On the following day, this ethanol 
was discarded and replaced with new ethanol. This operation was 
repeated more than 5 times so that the solvent in the gel was 
replaced with ethanol. In this process, no volumetric change of 
the gel was observed. 

Next, ethanol in the gel mentioned previously was replaced 
by liquid crystals. For the amount of liquid crystals required 
for replacement, the volume of Si0 2 (specific gravity 2.20) 
formed from TMOS during the reaction solution preparation was 
calculated beforehand. This volume was subtracted from the volume 
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of the entire gel to determine the porosity. As the liquid 
crystals, N- (4-methoxybenzylidene) -4 -butyl aniline (MBBA; Aldrich 
Chem., specific gravity 1.027) was used. If the stopper is placed 
loosely [on the bottle] , MBBA will penetrate into the gel with 
the evaporation of ethanol After 2-3 days pass, a light yellow 
solid will be obtained. In the DSC measurements, a Perkin Elmer 
DSC-II was used. Measurements were made under a nitrogen 
atmosphere at a heating rate of 5 C/min. 

3 . Results and observations 

The solution in the spectrum measuring cell completely 
gelled within 12 h. Furthermore, since the solvent in the gel 
evaporated through the Teflon seal tape, shrinkage occurred 
slowly from the top of the gel. Since the shrinkage proceeded 
nonuniformly, quantitative evaluation was not carried out. 

The color during gel formation was faintly yellow. The 
portion with the volumetric shrinkage changed to a dark yellow 
color. With the determination of the absorption spectrum, a new 
absorption appeared near 460 nm. It was found that, with the 
shrinkage of the gel, this spectral intensity increased. After 
about 5 days had elapsed, the entire gel had a uniform shrinkage. 
The spectra at that time are shown in Figure 1. As shown by the 
figure, with an increase in the level of C8, the peak near 460 nm 
became smaller. 
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In the presence of an acid, HAB has the following 



equilibria 51 " 7> 



Q-N=N-Q-ai. ♦ h* Q-^N-Q-a. 

The equilibrium constant K of this reaction was reported to 
be 0.12 in an aqueous solution 51 . Since the absorption spectra 
of [A] and [B] are different, the absorption coefficients of each 
chemical species can be calculated from the absorption spectral 
measurements of HAB in a hydrochloric acid aqueous solution at 
0.1-2.0 molar concentration 8 '. The calculated results are shown 
in Figure 2. As shown in the figure, Xmax of [A] was 346 nm, and 
Jlmax of [B] was 460 nm. The results of Figure 1 show that the 
level of [A] increases with an increase in the level of C8. 

The temporal change of the ratio of [A] and [B] is shown in 
Figure 3. After 6-7 days following the initiation of the 
measurements, the ratio of [B] increases drastically. With the 
elapse of time, evaporation of the solvent and shrinkage of the 
gel accompanying evaporation occurred. With the evaporation of 
the solvent, it is believed that the equilibrium reaction shifts 
to [B] . Figure 1 and Figure 3 show that the equilibrium shifts to 
[A] when the level of C8 is increased. As for reasons, the 
following two cases can be considered. One of them is the case in 
which the amount of hydrogen chloride remaining in the gel is 
decreased. In other words, if the level of the octyl group 
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(hydrophobic) is increased, since the gel is hydropholloic the 
hydrogen chloride remaining in the gel is decreased and the level 
of [A] is increased. The other is a case in which the reaction 
between HAB and hydrogen ions is hindered by the presence of the 
octyl group. The formation of micelles by a surfactant having a 
long hydrocarbon chain in an aqueous solution is well known 9) . 
However, it is believed that, even in the gel, the hydrophobic 
octyl groups form a micelle-type aggregate. Since HAB is 
solubilized in the aggregate, it is isolated from hydrogen ions 
and the ratio of [A] is increased. 

In order to investigate which one of the two concepts was 
appropriate, a comparison was made with the case of micelle 
formation in aqueous solution. Abe et al . dissolved an azo 
coloring matter in SDS (sodium dodecyl sulfate) micelle or a 
nonionic surfactant SDS mixed micelle, and reported 10, ' 13) that 
the coloring matter was absorbed in the central portion of the 
micelle based on its absorption spectrum measurement. It was 
further reported 141 " 15) that the coloring matter was oxidized 
inside the micelle so that fading occurred. Even in silica gel, 
if the content of C8 was increased to 7 mol %, the color of the 
gel was light. Furthermore, it was observed that the absorption 
intensity decreases even in the absorption spectrum measurement 
(Figure 1) . This suggested that fading of HAB occurred. This is 
believed to occur 16 ' owing to the oxidation of the hydrazo body of 
the HAB solubilized in the micelle aggregate in the silica gel. 

Furthermore, the investigation on the formation of the 
micelle aggregate was conducted. The major characteristic of 
micelle formation in an aqueous solution is the presence of the 
critical micelle concentration (cmc) . If such a concentration is 
exceeded, micelle will be formed. Furthermore, if a coloring 
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matter is used as a solubilized substance, the absorption 
spectrum of its solution will change to a large extent in the 
vicinity of cmc . In order to investigate cmc in the gel, the 
content of C8 was varied and the absorption spectrum was measured 
(Figure 4) . The concentration of C8 on the abscissa was expressed 
as the percentage of the number of moles of C8 with respect to 
the total number of moles of TMOS and C8 . Furthermore, the 
measured data were determined from the absorption spectra on the 
15th day when the volume of the gel had stabilized. A drastic 
change in the absorption spectrum was observed in the same manner 
as in the case of micelle formation in the aqueous solution. It 
was found that the octyl group formed a micelle aggregate in 
silica gel . 

In can be postulated that the micelle -type aggregate has 
already been formed in the initial period of gelation. In the 
initial stage of the gelation reaction, the hydrolysis of the 
ester occurs to form an ethanol aqueous solution of 
octyltrihydroxysilane and tetrahydroxysilane. The 
octyltrihydroxy-silane is an amphiphilic compound, capable of 
micelle formation. Polycondensation occurs in the state of 
micelle formation presumably due to gelation. Therefore, it is 
appropriate that the cmc of this system is represented by the sol 
concentration during he sol solution preparation. The cmc during 
the solution preparation from a C8 concentration of 4.1 mol% when 
[A] / [B] increased abruptly in Figure 4 was determined to be 
0.13 mol/dm 3 . It was about the same cmc for micelle formation in 

9) 

the aqueous solution of the surfactant having the octyl group . 

It was postulated that the formation of the micelle 
aggregate would be more advantageous if the alkyl group was 
longer. An alkyl group longer than the octyl group was tried. 
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However, the gel was white and turbid and spectral measurement 
was impossible. Therefore, in the present research, only the 
octyl group was investigated. For the micelle in the aqueous 
solution, the surfactant molecules were continuously aggregated 
and dispersed. However, for the aggregate in silica gel, the 
octyl group terminal was fixed. It was believed that, for the 
octyl group fixed in this manner, freezing of the molecular 
movement would occur when the temperature was decreased. However, 
from DSC measurements in a temperature range of -100 to 100 C, a 
phenomenon suggesting freezing of the molecular movement could 
not be detected. Possibly, the detection was difficult because 
the thermal conduction of silica surrounding the micelle 
aggregate was poor. 

The silica gel prepared in the present research has a region 
of aggregation of octyl groups, that is, a hydrophobic region. 
The affinity with respect to oleophilic organic compounds is 
considered to be good. By the application of this characteristic 
and with an objective to inhibit shrinkage of the gel, an attempt 
was made to prepare a composite material obtained by the 
substitution of the solvent in the gel by liquid crystals with a 
high boiling point. In this experiment, in order to avoid the 
decomposition of liquid crystal molecules, hydrochloric acid as a 
catalyst for gel synthesis was not added. In the case without the 
catalyst addition, gelation occurred in 2-3 days. Since shrinkage 
of gel occurs owing to the evaporation of the solvent in the gel, 
it was expected that shrinkage of the gel would not occur if the 
solvent in the gel was replaced by involatile liquid crystals. 
Porosity in the gel was calculated. By carrying out the 
substitution of the solvent with the same volume of MBBA, it was 
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possible to obtain a light yellow opaque solid without the 
formation of cracks. The porosity of this gel was about 92%. 

By carrying out the same operation, the solubilization of 
MBBA was possible even in the case without octyl groups Photo 1 
shows the manner of solubilization of MBBA into gels synthesized 
by changing the content of the octyl groups. In the case of the 
gel containing octyl groups, the volume shrank by 10-20 %. The 
added MBBA remained without solubilization in the gel at all, and 
the gel was not completely opaque. The static stability of the 
gel containing octyl groups was good. Even if it was exposed to 
the atmosphere for several months, there was essentially no 
volumetric change. Even in the case of the gel containing no 
octyl groups, MBBA was partly solubilized and it became red in 
2-3 weeks. This was believed to be due to the fact that the 
hydrolysis of the Schiff base portion occurred and MBBA changed 
its properties because of direct contact between MBBA and silica. 
Therefore, the alkyl groups introduced into the gel surround the 
molecules constituting the liquid crystals. Hindrance of direct 
contact with silica is believed to play a role in maintaining the 
liquid crystals in a stable manner. For the gel with a C8 content 
of more than 5 mol%, no change was observed even after one month. 

In the case of a prepared composite material of MBBA and 
silica gel, since more than 90% of its volume was occupied by 
MBBA it is believed that the properties of MBBA decide the 
properties of the composite material. The DSC measured results of 
samples are shown in Figure 5. The measurements were carried out 
during heating after quenching of the sample to 253 K beforehand 
and maintaining it at this temperature for 3 0 min. In the case of 
MBBA alone (a) , it was found that two peaks (endothermis) 
overlapped in the transition from crystals to liquid crystals. 



10 



This is believed to be due to the fact that pseudo stable and 
stable solid states are formed by quenching 17 '. For any of the 
samples, the phase transition peak from crystals to liquid 
crystals appeared clearly. However, its transition temperature 
depended on the C8 content . 

On the other hand, the peak (319 K) for the phase transition 
from the liquid crystals of MBBA to the isotropic liquid vanished 
in the silica gel. At a location about 10 C lower, a broad peak 
appeared. By observations with a microscope equipped with a hot 
plate, a change was found from a white turbid state to a 
transparent state in a narrow temperature range less than 1 C. 
The measured results are summarized in Table 2. The temperatures 
obtained in the microscopic observations are shown by arrows in 
Figure 4. A comparison was made for the gels with C8 contents of 
0, 2, 5 and 10 mol%. The temperature" of change from the white 
turbid state to the transparent state for the gel with 5 mol% was 
the highest. 

In order to investigate these phenomena, the volumes 
occupied by octyl groups and silica in the gel were calculated. 
Calculations were made by the adoption of 2.20 for the specific 
gravity of silica and 0.90 as the specific gravity of paraffin in 
the aggregate portion of the octyl groups. For the gel with 5 
mol% C8, about 8% of the volume was occupied by the silica phase. 
About 25% of the silica phase was occupied by the octyl groups. 
It is believed that the molecules constituting the liquid 
crystals solubilized in the gel fill the pores. These pores are 
the spaces occupied by water and alcohol as the solvents. It is 
believed that a micelle aggregate has been formed since the 
hydrophobic octyl groups are not in contact with these solvent 
molecules. In doing this, the octyl groups do not face in the 
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direction of the pores in the gel, and the octyl groups do not 
affect the solubilization of liquid crystal molecules. However, 
the results of the solubilization of molecules constituting the 
liquid crystals show that the molecules constituting the liquid 
crystals of the octyl groups are taken in stably. These results 
can be explained by the fact that the number of carbon atoms of 
the alkyl group is less than 8 and cmc is larger than 
0.13 mol/dm 3 . In other words, it can be postulated that the 
concentration of the octyl groups monodispersed in the silica 
phase is high and that part of these also exist on the surface of 
the silica phase. They play a role in inhibiting direct contact 
of the silica with the molecules constituting the liquid 
crystals. If the content of C8 is further increased, many octyl 
groups will distribute not only on the micelle aggregate but also 
the silica surface. It is believed that the molecules 
constituting the liquid crystals mix with the octyl groups, and 
the temperature of the phase transition is decreased by the same 
effect as freezing point depression. On the other hand, in the 
case of C8 at 0 mol%, MBBA molecules and silica are in direct 
contact and liquid crystal formation is presumably difficult. 



4 . Conclusions 



The synthesis of silica gel containing octyl groups was 
carried out. The formation of a micelle aggregate by the octyl 
groups was clarified. It was found that a hydrophobic liquid 
crystal substance with a high boiling point was taken in stably 
in such a gel. For the inorganic-organic composite gel prepared 
in this manner, a transition from the white turbid state to the 
transparent state due to a temperature rise was observed. The 
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properties of the liquid crystals insolubilized in the gel were 
maintained. In particular, by the introduction of hydrophobic 
hydrocarbon chains, it was found that the stability of the 
molecules taken in was increased. Furthermore, by the 
solubilization of a high boiling point compound, it was possible 
to inhibit the shrinkage of the gel. This suggests that an 
organic- inorganic composite material having a variety of 
functions can be prepared. 

1) Masuo Sakuhana, "Science of the sol-gel process", Magne Jofu 
Sha (1988) 

4) Toshiro Tani, Ceramics 21, 111 (1989) 




Photo 1 Photos of MBBA-silica compostie gels 

The silica gel without C8 showed a little srinkage 
and MBBA did not exchange completely with the 
solvent in the gel 
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Ffc.l Absorption spectra of HAB solubilUed in 
C8-containing silica gels 
Numbers in the figure mean the ratio of 
C8 to (C8+TMOS) in mol% 




Wavelength, X/nm 

Fig. 2 The respective spectra of the chemical species 
CAT and CB] obtained from the absorption 
spectra of HAB in the various P H aqueous 

solutions 




Fig. 3 Plots of CB]/[A] vs. day for various C8- 
contaihing silica gels 
Numbers in the figure mean the ratio of C8 
to (C8+TMOS) in mo\% 
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Fig. 4 Plots of [A3/[B] vs. the content of C8 
in silica gel afterdays aging 

A steep change appears at 4.1 mo\% C8 content 
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Fig. 5 DSC curves of (a) MBBA. (b) silica 
gel+MBBA, (c) Smo\% C 8-containing 
silica gel+MBBA 
Arrows in the figure show the transision :pomts 
from a transluscent to a transparent state obser- 
ved on a photomicroscope with an attachment of 
a hot plate 



15 

Table 1 Preparation conditions of samples 



Amount of 
C8(mol#) 


TMOS 

(fir) 


C8 

(fir) 


Ethanol 
(mO 


HCl* 
(mi) 


0 


2.60 


0 


1.6 


1.4 


1 


2.57 


0.042 


1.6 


L4 


2 


2.55 


0.094 


1.6 


1.4 


3 


2.52 


0.141 


1.6 


1.4 


4 


2.50 


0.188 


1.6 


1.4 


5 


2.47 


0. 235 


1.6 


1,4 


6 


2.44 . 


0.282 


1.6 


1.4 


7 


2.42 


0.329 


1.6 


1.4 



<j) 13.2 wt% HC1 solution. 



Table 2 Phase transition temperatures of MBBA 
and its composite gels 

T(K) 



Amount of 

C8(mol%) C-N N-I 

0 295°) 299 6 > 

2 295 a > 301 *> 

5 292 a > 303 6 > 

10 292 a > 301 & > 

MBBA 295 a > 319 a > 
<x) From DSC measurements. 



From microscopic measurements. 



(Partly presented in the 58th Spring Annual Meeting of the 
Japanese Chemical Society in April 1989) 



